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ABSTRACT 
 
 
 
Rapid population growth and industrial development are expected to contribute 
extremely to the world environmental crisis due to the excessive wastewater 
generation, global warming, climate change and increased use of petroleum fuels. In 
response to the problems, new technology via phycoremediation to reduce the 
wastewater contamination coupled with production of sustainable hydrocarbon has 
received much interest worldwide. Thus, the aim of the study is to produce the 
hydrocarbon from microalgae, Botryococcus sp. combined with phycoremediation of 
domestic wastewater (DW) and food processing wastewater (FW). The Botryococcus 
sp. locally isolated from the tropical rainforest. The optimisation study proved that 
the Botryococcus sp. grew well in the temperature of 23-33°C, the light intensity of 
243 µmol m-2s-1 and 24 hours of light exposure. In fact, this Botryococcus sp. much 
more tolerated with the outdoor condition when integrated with wastewater 
phycoremediation in term of biomass productivity and wastewaters bioremediation. 
The best microalgae concentration was performed at 10
6
 cells/mL for both 
wastewaters. The highest removal of nutrients (TP, TN and TOC) in DW and FW up 
to 100% and 92.8%, respectively under outdoor condition; while 95.4% and 76.4%, 
respectively under indoor condition. Selected heavy metal (Zn, Fe, Cd, Mn) study 
showed a very significant reduction (p<0.05) for both wastewaters as influenced by 
culture conditions. In flocculation harvesting, alum indicated the best coagulant to 
recover microalgae biomass from DW with efficiency up to 99.3% while chitosan 
showed a good candidate to harvest Botryococcus sp. from FW with efficiency about 
94.9%. This study notably found that different culture media used in cultivation 
produced difference kinds of hydrocarbon compounds. As known, the biggest 
contribution of this algae oil as biofuel feedstock that potentially contributes to the 
development of renewable energy technology. Moreover, the hydrocarbon 
compounds obtained also have bright perspective to be used as a chemical value 
added in any related industry. 
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ABSTRAK 
 
 
 
Pertambahan penduduk yang pesat dan pembangunan industri menyumbang kepada 
krisis alam sekitar akibat daripada penjanaan airsisa berlebihan, pemanasan global, 
perubahan iklim serta peningkatan penggunaan bahan api. Dengan itu, teknologi baru 
melalui phycoremediation untuk pemulihan pencemaran airsisa disamping berpotensi 
mengeluarkan biojisim untuk hidrokarbon amatlah diperlukan. Oleh itu, tujuan kajian 
ini adalah untuk menghasilkan hidrokarbon dari mikroalga, Botryococcus sp. yang di 
intergrasikan dengan phycoremediation airsisa domestic (DW) dan airsisa 
pemprosessan makanan (FW). Botryococcus sp. diperolehi daripada hutan tempatan. 
Kajian membuktikan bahawa Botryococcus sp. membiak dengan baik pada suhu 23-
33°C, keamatan cahaya 243 µmol m-2s-1 dan 24 jam pendedahan cahaya. 
Botryococcus sp. lebih mengemari keadaan luar apabila digabungkan dengan air sisa 
dari segi produktiviti biojisim dan rawatan airsisa. Kepekatan mikroalga yang terbaik 
adalah pada 10
6
 sel/mL. Penyingkiran tertinggi nutrien (TP, TN dan TOC) dalam 
DW dan FW sehingga 100% dan 92.8% dalam keadaan luar; manakala 95.4% dan 
76.4% dalam keadaan tertutup. Penyingkiran logam berat (Zn, Fe, Cd, Mn) 
menunjukkan pengurangan yang ketara (p<0.05) untuk kedua-dua airsisa tersebut. 
Darisegi penuaian, alum menunjukkan agen terbaik untuk menuai mikroalga 
daripada DW dengan kecekapan sehingga 99.3% manakala chitosan bagus untuk 
menuai daripada FW dengan kecekapan pada 94.9%. Kajian ini mendapati bahawa 
terutamanya perbezaan media yang digunakan dalam penanaman menghasilkan 
sebatian hidrokarbon yang berlainan. Seperti yang diketahui, sumbangan terbesar 
minyak alga ini adalah sebagai bahan mentah untuk bahan api bio yang berpotensi 
menyumbang kepada pembangunan teknologi tenaga boleh diperbaharui. Selain itu, 
sebatian hidrokarbon yang diperolehi juga mempunyai potensi yang besar untuk 
digunakan sebagai bahan kimia tambahan dalam mana-mana industri yang berkaitan. 
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CHAPTER 1  
 
 
 
INTRODUCTION 
 
 
 
1.1 Background of the study 
 
Wastewater is well known to contain contaminants that can negatively impact the 
environment if not controlled in terms of pollutant load removal. This is because 
wastewater containing nutrients such as nitrogen and phosphorus can affect the 
natural ecosystem particularly the aquatic lives. Large amounts of water used for 
domestic and industrial purposes result in the generation of large volume of 
wastewater loaded with nutrients (Danilović et al., 2013). In addition, wastewater 
may also contain heavy metal pollutants, especially in industrial wastewater eg. Iron, 
cadmium, zinc, ammonia etc. (Danilović et al., 2013). Furthermore, the presence of 
heavy metal and organic compound in wastewater can cause long-term problems 
(Chan, Salsali & McBean, 2014; Onalo, Matias-Peralta & Sunar, 2014; Travieso et 
al., 1999). Considering all these facts on wastewater, issues as such need to be solved 
correctly without contributing other problems.  
Meanwhile, Sriram & Seenivasan (2012) stated that the wastewater is a word 
to represent the water with poor or low quality that contains a high amount of 
pollutants and microbes. Thus, discharging wastewater directly into the water body 
may lead to the serious environment and human health problems. Without any 
compromises, pollutant loads in wastewater should be removed to ensure compliance 
with the local effluent standard before discharging into the environment. Nowadays, 
selection of treatment method is one interesting topic among the researchers either 
conventional, bioremediation or advanced method. Phycoremediation is a branch of 
bioremediation technique in wastewater treatment. According to Phang, Chu & 
2 
 
Rabiei (2015), phycoremediation is the use of either macro or microalgae for the 
removal or biotransformation of pollutants including nutrients and toxic chemical 
from wastewater. In the past, microalgae have attracted much attention as an 
alternative to the conventional treatment method. Microalgae wastewater treatment is 
an eco-friendly approach that offers the advantages of a cost effective way of 
removing pollutant loads (Sriram & Seenivasan, 2012). The previous study has 
reported that the use of algae to treat wastewater has been in practice for over 40 
years (Ahmad, Khan & Yasar, 2013) and the first description of this application was 
reported by  Oswald in 1957. Wastewater bioremediation, (phycoremediation) 
technology can also be combined with hydrocarbon production. Since the 
hydrocarbon was obtained from biological plant or algae, then it’s called as bio-
hydrocarbon. In the terminology of its chemical, the hydrocarbon is an organic 
compound consisting entirely of hydrogen (H) and carbon (C). Hydrocarbon 
production from microalgae refers to the lipid or oil content that can be obtained 
from algae biomass. The most popular hydrocarbon product that has been 
investigated from microalgae recently is biofuel (Rawat et al., 2011). These algae do 
not only produce biofuel but also great potential to create other bio-based product 
such as fertiliser, animal foods and bioactive chemicals (Sivakumar & Rajendran, 
2013). According to Amaro, Guedes, & Malcata (2011), microalgae such as 
Botryococcus sp. produced highest up to 75% of oil in dry weight basis, which has 
high potential as a new bio-based product for renewable energy development. 
Therefore, this species was chosen as the microalgae that conducted in this study. 
As the demand for energy continues to increase globally, fossil fuel usage 
will likewise continue to rise. There is still a plentiful supply of fossil fuels at 
reasonably low cost, although this is likely to change in the future. More critically, 
though, rising use of fossil fuel is unlikely to be sustainable in the longer term, 
principally due to the attributed increase in greenhouse gases emission and the 
environmental impact of this emission on global warming (Hill et al., 2006). 
Compared with other forms of renewable energy (e.g. the wind, tidal and 
solar), biofuels allow energy to be chemically stored and conveniently be used in 
existing engines and transportation infrastructures after blending to various degrees 
with petroleum diesel (Singh & Gu, 2010). This biodiesel is, in essence, a set of 
monoalkyl esters of long- chain fatty acids – and at present is derived chiefly from 
the acylglycerols of plant oils. Besides being renewable, biofuel is also non-toxic and 
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biodegradable (Meher, Vidyasagar, & Naik, 2006).These are just a few of the 
reasons why a renewed interest has arisen in recent years towards producing 
hydrocarbon from microalgae. Microalgae clearly present a few advantages: they 
have much higher biomass production compared to terrestrial plants (Singh & Gu, 
2010). In addition, microalgae need a lower rate of water renewal compared to the 
terrestrial crop. Moreover, microalgae only require sunlight and few inexpensive 
nutrients (phosphorus and nitrogen) to grow (Aslan & Kapdan, 2006). Therefore, 
hydrocarbon production from microalgae is expected to offer new opportunities to 
diversify income and fuel supply sources and to promote employment in rural areas. 
Furthermore, such venture aims to develop long-term replacement of fossil fuels, and 
to reduce GHG emissions, boosting the decarbonisation of transportation fuels and 
increasing the security of energy supply (Mata, Martins, & Caetano 2010). 
 
1.2 Problem statement 
 
The escalating population each year lead to the development of various industries is 
producing huge amounts of wastewater. To date, population clock of Department of 
Statistic Malaysia (2016) has estimated the number of world population to about 7 
billion while in Malaysia itself, population clock shows 31 million people currently. 
Since the number of people is increasing steadily each year, the probability of 
causing an accretion in wastewater is high.  
By that, production of wastewater coming from residential well known as 
domestic wastewater increase dramatically (Uwidia & Ademoroti, 2011). In 
Malaysia, it has been estimated that the citizens generate six million tonnes of 
domestic wastewater every year. Locally, the volume of domestic wastewater from 
residential areas can significantly impact the quality of life if released into the 
waterways freely. In fact,  Asadi et al. (2013) reported that, in some rural areas of 
Malaysia, domestic wastewater was discharged into the river directly. So, this kind of 
scenario needs to handled and mitigated wisely since domestic wastewater 
considered a complex mixture containing water together with common constituents 
such as organic and inorganic matter and microorganism (Huang et al., 2010). 
Moreover, Sperling (2007) stated that the consumption of water by community size, 
for example in an average town inhabited by 50,000 – 250,000 population be able to 
use the water up to 120 – 220 L/inhab.d. Indirectly, this amount is able to generate 
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the production of domestic wastewater that expected harmful to the public health and 
environment. Even worse,  90% of wastewater in developing countries is discharged 
into the river, lake, sea and environmental without any treatment (WWAP, 2012; 
Zhu, 2014). Thus, it can threaten public health and food security and affect access to 
safe and clean water for drinking and bathing. Domestic wastewater problem needs 
to be solved professionally to give awareness about the dangers of the wastewater on 
health and well-being of nature. This was the motivation behind the present study. 
Generation of wastewater is not only caused by domestic consumption but 
also due to industries which are rapidly growing, especially in developing countries. 
An example is the food industry. Food processing in Malaysia is a vital industry that 
plays an important role in economic development especially for small-scale 
production (Ahmed, 2012; Shamsudin et al., 2011). Interest in the food processing 
industry is related to the production, consumption and export-import activities to 
boost country revenues and income. According to the Malaysian Industrial Plan 
2006-2020 period, the food processing industry's investments are expected to 
increase each year up to RM24.6 billion in 2020 (Ayupp & Tudin, 2013). In food 
processing factories, there is a huge amount of water used, directly generating a 
volume of wastewater from washing and processing activities (Shin et al., 2015; 
Tenca et al., 2013; Vanerkar, Satyanarayan, & Satyanarayan, 2013). Consequently, 
on a global scale, the food industry generates wastewater which has a significant 
effect on the environment which is similar to that of municipal wastewater if 
uncontrolled discharged into the water bodies (Gentili, 2014). In addition, 85% of 
small-scale industries did not provide the facility of primary treatment to their 
wastewater and about 87% of these industries dispose their contaminated effluent 
directly into the municipal drainage (Pattanshetti & Gawande, 2015). This may due 
to the lacking of effective policy and poor enforcement from the local authority. 
Moreover, most of the small-scale industries do not have enough investment and 
solely rely on the government grant to run their daily business and lead to the poor 
management of their waste especially wastewater (Pattanshetti & Gawande, 2015). 
Therefore, the creation of innovative and sustainable idea to treat the food 
wastewater is highly required so that any food industry wastewater must meet the 
lowest requirement quality of the effluent standard before released to the 
environment. The food processing wastewater such as food and milk processing 
industries consumed large volume of water then characterized by high BOD (442 – 
5 
 
523.5 mg/L) and COD (8960 – 11900 mg/L) with fats, oil and grease and other 
nutrient such as nitrogen, phosphorus and potassium (Qasim & Mane, 2013). All 
these nutrients are suitable for the growth of microorganism that can cooperate to 
absorb the pollutant loads like algae. (Ji et al., 2015) also reported that food 
processing wastewater was rich in nutrient including nitrogen (1385 mg/L), 
phosphorus (108 mg/L), calcium (ND), iron (24.7 mg/L), aluminium (316.4 mg/L) 
and total organic carbon (14898 mg/L). Recently, increasing concern on 
environmental and health risks evaluations are demanded with a more rigorous 
control of wastewater specifically, promoting the development of new treatment 
technologies capable of dealing with toxic organic pollutants (Syafiie et al., 2011). In 
addition, it has become a priority to develop wastewater treatment technology 
employing environmentally friendly approaches and economical systems with the 
minimal use of chemicals.  
Continuous increases in populations not only produce unconceivable wastes 
but also fossil fuel consumption which may be possibly exhausted in the near future. 
Hydrocarbons from fossil fuel are considered unsustainable because they are non-
renewable. Apart from that, it also contributes to the release of CO2 gas that has 
negative effects on climate change and the environment. Renewable carbon neutral 
and transport fuels are necessary for environmental and economic sustainability. 
Hydrocarbon-derived from oil crops is a potential renewable and carbon neutral 
alternative to petroleum fuels. Unfortunately, oil from crops, waste cooking oil and 
animal fat cannot realistically satisfy even a small fraction of the existing demand for 
hydrocarbon in the future (Chisti, 2007). Therefore, there is a need to find the 
alternative solution to replace the existing use of fossil fuel. The bio-hydrocarbon 
form phycoremeditioan in this study is one of the innovative steps to explore the 
potential for sustainable of alternative biofuel. 
Furthermore, conventional wastewater treatments are expensive and require 
high energy input. In fact, conventional process generates large amount of sludge, 
and handling and disposal this sludge is one of the challenges works to the present 
technology. Therefore, high operational and maintenance of treatment plant make it 
less economical approach. These challenges are able to be overcome by using 
phycoremediation process (Rawat et al., 2016). This has been proven by the 
cultivation of microalgae such as Scenedesmus sp., Chlorella sp., Demodesmus sp. 
and Spirulina platensis using wastewaters simultaneously reduce the pollutants in 
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wastewater. Similarly, green microalgae Botryococcus braunii also had been 
successfully employed in phycoremediation process of different wastewater. For 
instance, Botryococcus braunii  was able to remove 93.3% of TP in unsterilized 
swine lagoon wastewater (Liu et al., 2013). In the treatment of domestic wastewater, 
Botryococcus braunii was able to eliminate phosphate and ammonium up to 99% and 
99.6%, respectively when 100% concentration of municipal wastewater was used 
(Can et al., 2013). This has led to the selection of Botryococcus sp. as the best 
microalgae candidate in phycoremediation of wastewaters. Recently, Atiku et al., 
(2016) revealed that this microalgae genus (Botryococcus sp.) was able to remove 
ammonium ion (NH4
+
) from greywater about 92%-98%. Moreover, Botryococcus sp. 
used in this study locally collected and known as indigenous species where having 
high metabolic pathway and highly tolerant with local climate. Biomasses resulted 
from phycoremediation process can be used as a biofuel feedstock and value-added 
chemical in biotechnology industry. These factors were the motivation behind the 
application of Botryococcus sp. in the present study. 
 
1.3 Objectives of study 
 
The objectives of this study are:  
 
i. To optimise the specific growth rate and biomass productivity of 
Botryococcus sp. at the different situation of environmental factors.  
ii. To develop a new technique employing microalgae Botryococcus sp. in 
treating wastewaters (domestic and food processing wastewater). 
 To examine the efficiency of the integration of Botryococcus sp. 
cultivation with domestic and food processing wastewater. 
 To identify the suitable growth rate and biomass productivity of 
Botryococcus sp. in domestic and food processing wastewater. 
iii. To evaluate the potential of biomass production from microalgae biomass 
cultivated using closed photobioreactor. 
 To optimise the harvesting efficiency via flocculation process using 
inorganic and organic coagulants.  
 To measure the biomass production from microalgae cultivated using 
wastewaters media in a photobioreactor. 
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iv. To establish the chemical composition profile of bio-hydrocarbon production 
from microalgae biomass cultivated in domestic and food processing 
wastewater. 
 
1.4 Scope of study 
 
This study carried out using freshwater microalgae, Botryococcus sp., an indigenous 
microalga isolated from the tropical rainforest of Malaysia (Endau Rompin National 
Park, Johor). This microalga was employed in different wastewater (domestic 
wastewater and food processing wastewater) treatment. Physiochemical and heavy 
metals content measurement was conducted based on the Standard Methods and 
Examination of Wastewater (APHA, 2012). The phycoremediation study was 
conducted according to the maximum growth rate and biomass productivity of the 
algae according to the optimisation result. There are four basic environmental factors 
for optimisation such as temperature, light intensity, photoperiod and salinity were 
study using the synthetic medium. The phycoremediation was conducted with two 
culture conditions namely outdoor and indoor culture.  
The outdoor culture was according to natural outdoor condition while indoor 
culture based on the optimisation value of environmental factors. The duration of 
phycoremediation also determined from optimisation study which is 18 days. The 
wastewater parameters were analysed at an interval of 3 days throughout the 
treatment duration. The growth mathematical model was developed and first order 
kinetic used to predict the removal of nutrient from wastewater. Flocculation 
technique was employed to harvest the microalgae biomass from the wastewaters. 
The inorganic (alum) and organic (chitosan) were used as flocculant was and the 
comparison was made in term of harvesting efficiencies via face-centered central 
composite design (FCCCD) analysis.  
The universal oven was used for drying the algal paste biomass prior to 
solvent (95% n-Hexane) extraction using soxhlet apparatus. Lastly, crude algae oil is 
screened and characterised for hydrocarbon compound using Gas Chromatography 
and Mass Spectrometry) (GC-MS) and Fourier Transform Infrared Spectroscopy 
(FTIR). 
 
8 
 
1.5 Importance of study 
 
In order to meet the environmental regulation, all types of wastewater need to be 
treated before it’s discharged to the environment. The regulation wastewater 
treatment system prioritises the development of wastewater treatment technology 
employing environmental friendly and economical systems with the minimal use of 
chemicals. This can be achieved using microalgae in bioremediation technique 
(phycoremediation). Phycoremediation process releases less of greenhouse gases if 
compared to the conventional wastewater treatment. This is because the microalgae 
consume more CO2 for growth and released O2 as by–product of the process 
photosynthesis.  
Since phycoremediation is bioremediation of wastewater using microalgae, 
then the novelty and inventiveness are the sources of microalgae species was utilised 
in this study. Botryococcus sp. was originally collected from Endau Rompin National 
Park and known as a wild type of microalgae that contain high resistance and 
capability in the metabolic process in their cell. These special characteristics due to 
the location of this type of algae lives.  
This type of algae also known as indigenous species and have not been 
studied intensively yet in our country for phycoremediation treatment since it was 
locally collected from the tropical rainforest. The significant of this research is by 
combining the function of Botryococcus sp. in wastewater treatment and for further 
bio-hydrocarbon production.  
Bio-hydrocarbon is very useful to produce a sustainable product from 
microalgae, for example, biofuel or biodiesel. As we known, the advantages of 
biodiesel are non-toxic and biodegradable thus it becomes an environmentally 
friendly biofuel production. Other than that, hydrocarbon derives from algal oil also 
potentially used as an other bio-based product such as bio-plastic, bio-fertilizer, fish 
feed, bioactive compound, pharmaceutical and value-added chemical feedstock in 
any industry. Thus, the novelty of this research lies in the double function of 
Botryococcus sp. to assimilate pollutants load in wastewaters and to produce 
sustainable bio-renewal hydrocarbon. 
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1.6 Dissertation overview 
 
This dissertation consists of eight chapters. Chapter 1 describes the background of 
the study, problem statement, objectives and important of this research. Chapter 2 
provides a critical review of the research about wastewater treatment, 
phycoremediation, microalgae cultivation and microalgae harvesting system. 
Meanwhile, Chapter 3 explains in details of the method development used in this 
study including wastewater examination, flocculation harvesting, extraction and 
hydrocarbon analysis. Chapter 4 is a result and discussion about the microalgae 
growth assessment under different environmental factors while Chapter 5 is 
discussing the phycoremediation study conducted in different culture conditions. 
Chapter 6 elaborates the production of microalgae biomass using photobioreactor 
and harvesting efficiency experiments via response surface methodology analysis 
and Chapter 7 explains about the establishment of hydrocarbon profile in microalgae 
oil cultivated using a different type of wastewaters. Chapter 8 is the conclusion for 
the overall objectives setup and further works to be recommended in the future. 
  
 CHAPTER 2  
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Introduction 
 
Phycoremediation is one of the biological treatments that are considered sustainable 
and environmentally friendly method to eliminate contamination in wastewater. 
Other than biotransform the presence of the pollutant in wastewater, microalgae also 
well-known as an excellent source of hydrocarbon. Hydrocarbon from microalgae oil 
is considered sustainable since it is extracted from the biological plant. Nowadays, 
the increasing number of population and various types of industries in the world lead 
to the augmentation of wastewater disposal to the environment. Microalgae 
phycoremediation is one of the promising techniques that have high potential to 
assimilate the excessive pollutants in wastewater photosynthetically. Consequently, 
the discovery of new technologies to mitigate the adverse impact on the environment 
combined with sustainable hydrocarbon evaluation became one of the aims of this 
chapter. Therefore, this chapter provides a comprehensive review of wastewater 
phycoremediation studies and the potential of hydrocarbon extracted from 
microalgae. The cultivation system and harvesting approach of microalgae also 
discussed accordingly.  
 
2.2 Characteristic of wastewaters 
 
There are two types of wastewater discussed in this section. Among of them are 
domestic wastewaters and food processing wastewater. Each type of wastewaters is 
containing the different composition of biological, chemical and physical 
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characteristics. There have been several studies in the literature reporting about this 
wastewater characterization and method to reduce the pollutants load before 
discharged to the environments. 
 
2.2.1 Domestic wastewater 
 
In physical properties, Metcalf & Eddy (2003) said that wastewater temperature is 
important as it affects the chemical and biological reaction of aquatic organisms. 
Metcalf & Eddy (2003) also highlighted temperature was very important in the 
determination of various parameters such as pH, conductivity saturation level of 
gases and various form of alkalinity.  
In term of chemical characteristic, Davis & Cornwell (2008) found that 
chemical compound in wastewater are almost limitless thus only a few general 
classes of compound are considered. According to Jorgensen & Weatherley (2003), 
organic material is a combination of carbon, hydrogen and oxygen and another 
important element such as ammonia. The occurrence of ammonia can be accepted as 
the chemical evidence of organic pollution. While common inorganic pollutant in 
wastewater is chloride, hydrogen, irons, nitrogen, phosphorus and amounts of heavy 
metal. The biological parameter is important to wastewater treatment because it 
contain a large amount of microscopic organisms. Within treatment facilities, 
wastewater provides an ideal medium for potential microbial growth, irrespective of 
being anaerobic or aerobic wastewater treatment (Mata et al., 2012). Each 
contaminant has its own significance which the suspended solids can lead to the 
development of sludge deposits and anaerobic conditions when untreated wastewater 
is discharged in the aquatic life and when discharged on land, they also can 
contribute to the groundwater pollution.  
Therefore, Table 2.1 shows the combination of the physical, chemical and 
biological characteristic of domestic wastewater done by the previous researcher 
before treatment. The different value of pollutant load in those wastewaters may due 
to the location of the domestic wastewater sampling. For example, Saeed et al. 
(2014) conducted the study using municipal wastewater collected from local outlet in 
Dhaka, Bangladesh while Thongtha et al. (2014) was using influent before treatment 
of domestic wastewater Bangkok, Thailand and Ahmad et al. (2013) collected 
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domestic wastewater from various sewage drain at Lahore city in Pakistan. Detail of 
the physiochemical composition each source summarised in Table 2.1 below.  
 
Table 2.1: Domestic wastewater composition 
 
No. Parameter 
References Domestic 
effluent 
standard 
Saeed et al. 
(2014) 
Thongtha et 
al. (2014) 
Ahmad et 
al. 2013) 
1 pH 7.1 7.59 - 5.5 – 9a 
2 DO (mg/L) 0.06 - - - 
3 Turbidity 86.8 - - - 
4 Total suspended solid (mg/L) - - 970 < 100
b 
5 Total Dissolved Solid (mg/L) - 272 4650 < 5000
a
 
6 COD (mg/L) 4048 77.8 721 < 100
b 
7 BOD (mg/L) 1903 20 407 < 50
b 
8 Total Phosphorus (mg/L) 23.1 1.04 22 0.1
a 
9 Total Kjeldahl Nitrogen (mg/L) - 5.32 35 35
a 
10 Phosphate (mg/L) - - 10 - 
11 Nitrate(mg/L) 115.5 - - - 
a
Thongtha et al. (2014) 
b 
Environmental Quality Act of Malaysia 1974 
 
2.2.2 Food processing wastewater 
 
Generally, food processing wastewater can be categorised into four main sectors 
including fruit and vegetable, meat, poultry and seafood, beverage and bottling and 
dairy operations (Abdalla, 2014). Most of them consume or use a huge amount of 
water for their processing in the factory. Considerable parts of this wastewater are 
potential to be treated before released to the environment. Again according to 
Abdalla (2014), 50% of the water used in the fruit and vegetable sector is for 
washing and rising. The characterization of food processing wastewater is considered 
as nontoxic because it contains few hazardous compounds with the exception of 
some toxic cleaning products. Thus, wastewater discharged from food processing 
industry is organic due to high chemical oxygen demand (COD) and biochemical 
oxygen demand (BOD) (Vanerkar et al., 2013). The characterization of food 
wastewater described wide variation due to the type of product and also different raw 
material used.  
 Therefore, the data presented in Table 2.2 show there are many differences 
among the characteristic of food processing wastewater by different authors. Based 
on the study done by Cristian (2010), found that food wastewater contains high of 
BOD (4840.6 mg/L), COD (19251.2 mg/L) and TSS (5802.6 mg/L) if compared to 
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discharged limit. This amount of concentration may due to the wastewater come 
from dairy and milk processing. In general, wastewater from dairy processing 
industry contains a high concentration of organic material such as protein, 
carbohydrate and lipid. Cristian (2010) also reported that this kind of food 
wastewater high in chloride up to 616 mg/L which is significantly toxic to aquatic 
life. The reason why high in chloride because the presence of sodium chloride from 
salting the food product.  
 
Table 2.2: Review of food processing wastewater pollutant 
 
No 
 
Parameter Unit References Discharged 
Limit Cristian 
(2010) 
Vanerkar et 
al. (2013) 
Qasim & 
Mane 
(2013) 
Ji et al. 
(2015) 
 
1 
Biochemical 
oxygen demand 
(BOD) 
mg/L 4840.6 6860 486.7 NA < 50
a 
 
2 
Chemical oxygen 
demand (COD) 
mg/L 10251.2 11220 9720 NA < 100
a 
3 Total suspended 
solid (TSS) 
mg/L 5802.6 2210 538.8 Na < 5000
c 
4 Chloride mg/L 616 182 234.7 NA - 
5 pH - 8.34 4.12–4.28 5.64 6.0 5.5 – 9c 
6 Nitrogen (TN) mg/L 663 16.4 95.2
b 
1385 35
c 
7 Phosphorus (TP) mg/L 153.6 3.2 NA 108 0.1
c 
8 Total Organic 
Carbon (TOC) 
mg/L NA NA NA 14898 - 
9 Zinc, Zn mg/L NA 0.62 NA 1.29 < 1.0
a 
10 Manganese, Mg mg/L NA 0.444 NA 97.01 < 1.0
a 
11 Ferum, Fe mg/L NA 12.63 NA 24.7 < 5.0
a 
a
 Environmental Quality Act of Malaysia (1974) 
b
 Measured in TKN (Total Kjeldahl nitrogen) 
c
 Thongtha et al. (2014) 
 
 Meanwhile, Vanerkar et al. (2013) also found that food processing 
wastewater they used in their study large concentration in BOD, COD, TSS, TN and 
chloride if compared to discharged limit. For example, BOD and COD could reach 
up to 6860 mg/L and 11220 mg/L, respectively. Other than that, metal elements also 
examined then contained Zn (0.62 mg/L), Mg (0.444 mg/L) and Fe (12.63 mg/L). 
The present of both organic nutrient and metal elements in this food processing 
wastewater is due to the additive used for a different food product. Besides, Qasim & 
Mane (2013) investigated the organic content of food processing wastewater from 
sweet snack factory lower that food wastewater studied by Cristian (2010) and 
Vanerkar et al. (2013). For example, BOD and COD are 486.7 mg/L and 9720 mg/L, 
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respectively but still significantly higher than acceptably discharged limit whereas 
pH value is in the range of discharged limit. While, for TKN, TSS and chloride are 
95.2 mg/L, 538.8 mg/L and 234.7 mg/L, respectively. As a summary, effluent from 
food processing wastewater is very different in term of discharged concentration due 
to the season and type of process used in their industry respectively (Qasim & Mane, 
2013).  
 
2.3 Impact of wastewater on environment 
 
The untreated wastewater discharged into the river degrades the quality of water. 
This problem normally causes the lack of clean water for human consumption. The 
untreated wastewater also one of the major contributor for the eutrophication process 
to take place. This situation can be explained where the water body receive an 
excessive amount of nutrient that causing a negative impact to the environment such 
as the depletion of oxygen level in the air and at once induces reductions in species 
of fish and other microbe populations (Sperling & Chernicharo, 2005). 
 In term of heavy metals, pollution was released from industrial and domestic 
sources causes serious changes in the aquatic ecosystem, resulting in a loss of 
biological diversity and the magnification and bioaccumulation of toxic agents in the 
food chain (Souza et al., 2012). The aquatic such as a river, pond and lake are mainly 
affected by pollutant and heavy metal discharged in industrial effluents and represent 
a potential risk to human health and life (Souza et al., 2012). Thus it is very 
significant to treat the wastewater before discharged either into the river or to the 
land, consumed or being used for other purposes. 
 
2.4 Conventional wastewater treatment  
 
In general, treatment of wastewater is the process of reduction or remove of 
excessive impurities present in wastewater. The impurities imply to the constituent 
concentration that more than the acceptable level for final discharge (Karia& 
Christian, 2013). Conventionally, wastewater treatment is a combination of physical 
and biological processes designed to remove organic matter and solids from solution 
(Hammer, 2004). Therefore, a wastewater treatment plant is designed for either of 
the following systems called preliminary treatment, primary treatment, secondary 
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treatment and tertiary treatment (Karia & Christian, 2013). The pictorial diagram in 
Figure 2.1 summarises the processes applied in conventional wastewater treatment.  
 
 
 
Figure 2.1: Schematic of conventional wastewater treatment processes (Hammer, 
2004) 
 
2.4.1 Preliminary treatment 
 
The preliminary treatment is mainly to remove floating materials and large inorganic 
particulate contents of wastewater that usually cause maintenance or operational 
problems in the primary and secondary treatment of wastewater. It is also known as 
pre-treatment in the treatment system. The preliminary treatment includes sump and 
pump unit, approach channel, screen chamber, grit chamber and skimming tank. 
Screen and grit chamber are used to remove large floating materials and to remove 
up to 0.2μm size suspended solid, respectively. Meanwhile, skimming tank or 
typically named as oil and grease traps is used to remove or trap excessive oil and 
grease from raw influent (Karia & Christian, 2013).  
 According to Abdel-Raouf et al. (2012) described that preliminary treatment 
of sewage removes large solid materials delivered by sewers that could obstruct flow 
through the plant or damage equipment. These materials are composed of floating 
objects such as rags, wood, faecal material and heavier grit particles. Large floating 
objects can be removed by passing the sewage through bars spaced at 20 – 60 mm; 
the retained material is raked from the bars at regular intervals. Grit is removed by 
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reducing the flow velocity to a range at which grit and silt will settle, but leave the 
organic matter in suspension; this is usually in the velocity range of 0.2–0.4 m/s.  
 
2.4.2 Primary treatment 
 
Primary treatment includes all the unit in preliminary treatment and primary 
sedimentation tank, also known as primary settling or primary clarifier (Karia & 
Christian, 2013) (refer to Figure 2.1). It consists of temporary holding the sewage in 
a quiescent basin where heavy solid can settle to the bottom while oil, grease and 
light solid float to the surface (Rawat et al., 2011). The settled and floating materials 
are removed and the remaining liquid may be discharged or subjected to secondary 
treatment.  
The primary treatment can reduce about 60-70% of fine settleable suspended 
solid, which include about 30-32% of organic suspended solids (Karia & Christian, 
2013). Meanwhile, Abdel-Raouf et al. (2012) reported that a well-designed 
sedimentation tank is capable of removing 40% of the BOD in the form of settleable 
solids and pathogen removal during primary treatment is highly varied with various 
removal rates reported for different organisms. However, colloidal and soluble 
organic content of wastewater is not removed at this stage.  
 
2.4.3 Secondary treatment 
 
The main purpose of secondary treatment is to reduce the soluble BOD that escapes 
from primary treatment by reducing the organic matter. Other than that, secondary 
treatment also to provide further removal of suspended solids (Abdel-Raouf et al., 
2012). Normally, biological processes are employed to remove the remaining organic 
and inorganic content in wastewater. Biological treatment processes are considered 
the most environmentally compatible and the least expensive of wastewater 
treatment method. These processes use microorganisms to break down or assimilate 
the chemical presents in wastewater (Rawat et al., 2011). Microorganism converts 
the colloidal and soluble organic matter into various gases and into protoplasm. 
According to Cammack & Attwood (2006), protoplasm is the living contents of 
a cell that is surrounded by a plasma membrane. Since protoplasm has a specific 
gravity slightly greater than of water, it can be removed from the treated liquid by 
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gravity settling. Abdel-Raouf et al. (2012) found several investigators have pointed 
out that biological oxidation system can remove over 90% of pathogenic bacteria 
from sewage. In suspended growth reactors the intimate mixing of solid flocs and 
sewage gives 90% removal.  
 
2.4.4 Tertiary treatment 
 
Tertiary treatment process aims to remove all organic ions. It can be achieved 
biologically and chemically. The biological process appears to perform well when 
compared to the chemical processes which are in general too costly to be applied in 
most places and which may lead to the secondary pollution (Abdel-Raouf et al., 
2012). Tertiary treatment can be accomplished by the following stage such as 
granular filtration, membrane filtration, carbon absorption, phosphorus removal and 
nitrogen control (Davis & Cornwell, 2012).  
 Abdel-Raouf et al. (2012) stated that removal of ammonium, nitrate and 
phosphate was estimated four times more expensive than primary treatment in 
complete tertiary treatment. Typically, tertiary treatment combined with advanced 
treatment which is generally based on the complex technology as mentioned by 
(Davis & Cornwell, 2012). These techniques include a process to remove particular 
nutrient such as phosphorus and nitrogen which can stimulate eutrophication in 
certain situations.  
 
2.5 Phycoremediation 
 
Phycoremediation defined in a wider meaning as the use of microalgae or 
macroalgae for removal or biotransformation of pollutants, including nutrients and 
xenobiotics from wastewater and CO2 from the waste air with concomitant biomass 
propagation (Phang et al., 2015). There are numerous processes of treating water, 
industrial effluents and solid wastes using microalgae aerobically as well as 
anaerobically. Remediation is generally subject to an array of regulatory 
requirements, and also can be based on assessments of human health and ecological 
risks where no legislative standards exist (Rawat et al., 2011). 
As introduced by John (2000) where the term of phycoremediation was 
referred to the remediation carried out by algae. The use of algae to treat wastewater 
18 
 
has been in vogue for over 40 years, with one of the first descriptions of this 
application being reported by Oswald et al., (1957) while Oswald (1988) found that 
the usage of microalgae for the treatment of municipal wastewater has been a subject 
of research and development for several decades. A lot of extensive work has been 
conducted to explore the feasibility of using microalgae for wastewater treatment, 
especially for the removal of nitrogen and phosphorus from effluents. It is simply a 
matter of allowing the consumption of nitrogen and phosphorus by microalgae in a 
controlled manner that benefits rather than deteriorates the environment. 
Concentrations of several heavy metals have also been shown to be reduced by the 
cultivation of microalgae, which has been explored and studied extensively by 
Muñoz & Guieysse (2006). 
In order to improve the understanding about phycoremediation, Figure 2.2 
below shows the biological treatment enhances the removal of nutrients, heavy 
metals and pathogens and furnish O2 to heterotrophic aerobic bacteria to mineralize 
organic pollutants, using, in turn, the CO2 released from bacterial respiration. 
 
 
 
Figure 2.2: The principle of photosynthetic oxygenation in BOD removal process 
(Muñoz & Guieysse, 2006). 
 
Photosynthetic aeration is therefore especially interesting to reduce operation 
costs and limit the risks for pollutant volatilization under mechanical aeration and 
recent studies have shown that microalgae can indeed support the aerobic 
degradation of various hazardous contaminants (Muñoz & Guieysse, 2006). 
Therefore, Rawat et al. (2011) have stated that the mechanisms involved in 
microalgae nutrient removal from industrial wastewaters are similar to that from 
19 
 
domestic wastewaters treatment. Phycoremediation comprises several applications: 
(i) nutrient removal from municipal wastewater and effluents rich in organic matter; 
(ii) nutrient and xenobiotic compounds removal with the aid of algae-based 
biosorbents; (iii) treatment of acidic and metal wastewaters; (iv) CO2 sequestration; 
(v) transformation and degradation of xenobiotics; and (vi) detection of toxic 
compounds with the aid of algae-based biosensors. Nutrient removal with the aid of 
microalgae compares very favourably to other conventional technologies (Rawat et 
al., 2011). 
 
2.5.1 Advantages of phycoremediation  
 
Microalgae play an important role in the tertiary treatment of domestic wastewater in 
maturation ponds or the treatment of small to middle-scale domestic wastewater in 
facultative or aerobic ponds (Rawat et al., 2011). Nitrogen uptake could be increased 
if the microalgae were pre-conditioned by starvation. These hyper-concentrated algal 
cultures, called ‘activated algae’ were shown to decrease the land and space 
requirements for microalgae treatment of wastewaters. This process removed 
nitrogen and phosphorus within very short period of time. There is evidence that 
production of microalgae, given proper conditions, may be high enough even during 
colder periods to be of interest for wastewater treatment. 
However, this is to be verified under the actual local environmental 
conditions, since many strongly variable factors are involved when defining 
microalgal growth and species composition. Microalgae can be efficiently used to 
remove a significant amount of nutrients because they require high amounts of 
nitrogen and phosphorus for protein, nucleic acid and phospholipid synthesis. Thus, 
Sivasubramaniam (2013) has listed several benefits when using phycoremediation in 
the process of treating the wastewater pollution which is:  
i. Phycoremediation is a cost-effective, eco-friendly and a safe process. 
ii. The microalgae employed are non-pathogenic photosynthetic organisms and 
they do not produce any toxic substances. 
iii. Phycoremediation effectively reduces nutrient load thereby reducing total 
dissolved solid. 
iv. Phycoremediation reduces sludge formation to a very large extent.  
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v. Phycoremediation increase dissolved oxygen levels through photosynthetic 
activity. 
vi. Phycoremediation keeps the bacterial population under control. 
vii. Algal growth in the effluent also removes waste CO2 from the air thereby 
contributing to the reduction of greenhouse gases. 
viii. The algal biomass has high nutrient value and can be suitable as a live feed 
for aquaculture. 
ix. The algal biomass could also be used as a Bio-fertilizer and in EM (Effective 
Microbes). 
x. Conventional chemical treatment of effluent results in concentrating the toxic 
waste in the form of sludge and requires landfill. Whereas phycoremediation 
detoxifies and removes it forever.  
xi. Minimal odour compared to conventional methods of treatment. 
xii. Simple operation and maintenance. 
xiii. Construction and operation costs are typically less than half those of mechanical 
treatment plants (e.g. activated sludge, sequencing batch reactors).  
xiv. Sustainable treatment solution with significant potential for energy and nutrient 
recovery.  
 
2.6 Bioremediation of heavy metal by microalgae 
 
Heavy metal is the pollutant that considered to be a significant environmental 
problem related to human health (Chekroun & Baghour, 2013). The contamination of 
water by toxic metals and organic pollutants recently increased due to anthropogenic 
activity. Thus, bioremediation techniques to assimilate that toxic have a high 
potential to be applied in wastewater treatment. Bioremediation is a process of using 
specific microorganisms to transform hazardous contaminations in water to 
nonhazardous waste products (Dwivedi, 2012).  
Dwivedi also described there are two steps involved in the assimilation of 
heavy metals. First, the metal is adsorbed over the cell very quickly called physical 
adsorption (Dwivedi, 2012). Next, these metals are assimilated slowly into the 
cytoplasm in a process named chemisorption. However, absorption of heavy metal 
depends on the other parameter such as pH. As highlighted by Dwivedi (2012), 
surface charge studies showed that the availability of free sites depended on pH. 
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With increasing pH, the surface charged sites of calcium alginate became more 
negative, and then the uptake of metal increased with increasing pH.  
 
Table 2.3: Summary of the microalgae in heavy metals bioremediation 
 
No. Microalgae Heavy metal Removal 
efficiency (%) 
References 
1 Botryococcus sp. Chromium (Cr) 94 Onalo et al. 
(2014) Copper (Cu) 45 
Arsenic (As) 9 
Cadmium (Cd) 2 
2 
 
 
Synechocystis salina Chromium (Cr) 60 Worku & Sahu 
(2014) Iron (Fe) 66 
Nickel (Ni) 70 
Mercury (Hg) 77 
Calcium (Ca
2+
) 65 
Magnesium (Mg
2+
) 63 
Total Hardness 78 
3 Chlorella marina Zinc, Zn (Powder) 97 Kumar et al. 
(2013) 
Zinc, Zn (immobilised) 55.3 
4 Porphyridium cruentum 
(S.F. Gray) 
Copper (Cu) 92 Soeprobowati & 
Hariyati (2013) 
5 Chlorella pyrenoidosa 
(100% Conc.) 
 
Chromium (Cr) 52.8 Ajayan & 
Selvaraju (2012) Copper (Cu) 77.1 
Lead (Pb) 43.8 
Zinc (Zn) 68.9 
Scenedesmus sp. 
(100% Conc.) 
 
Chromium (Cr) 52 
Copper (Cu) 79.2 
Lead (Pb) 47.8 
Zinc (Zn) 66 
6 Indigenous microalgae Barium (Ba) 91.2 Krustok et al. 
2012) 
Iron (Fe) 94.6 
7 Botryococcus sp. Zinc (Zn) - In this study  
Ferum (Fe) - 
Cadmium (Cd) - 
Manganese (Mg) - 
 
Therefore, Table 2.3 shows the summary of microalgae in bio-remediate 
some of the heavy metals ions done by previous researchers. Worku & Sahu (2014) 
cultured Synechocystis salina in groundwater to reduce the heavy metals and total 
hardness within 15 days of treatment. At the end of the treatment, Synechocystis 
salina is able to remove of Cr 60%, Fe 66%, Ni 70%, Hg 77%, Ca
2+
 65%, Mg
2+
 and 
total hardness 78%. Meanwhile, Kumar et al. (2013) had demonstrated to remove 
Zinc using immobilised and powder form from Chlorella marina. They found that 
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the highest removal fall to powder form of 97% compared to immobilise of 55.3%. 
At the same time, the optimum pH for heavy metal adsorption is at pH 8.  
In bioremediation of industrial wastewater, Soeprobowati & Hariyati (2013) 
used Porphyridium cruentum isolated from brackish water to assimilate the Pb, Cd, 
Cu and Cr. During the experimental, pH, temperature, salinity and light were 
maintained to be on 7-8, 28-32°C, 32-34 ppt and 4200 lux, respectively. Thus, this 
red microalga was able to reduce Cu of 92 % from the wastewater. In a different 
study, Ajayan & Selvaraju (2012) examined two strain of microalgae; Chlorella 
pyrenoidosa and Scenedesmus sp. in tannery effluent. As mentioned in Table 2.3, 
they analysed that the highest removal using both microalgae were Copper, 77% and 
79.2%, respectively. Whereas Krustok et al. (2012) were applying the Indigenous 
microalgae in wastewater collected from WWTP in Vasteras. Their finding was 
showing that this microalga very effective in removing of Barium 91.2 % and Iron 
94.6 %.  
In summary, most of the microalgae species as listed in Table 2.3 have their 
own advantages in bioremediation of heavy metal in water. Other than nutrient 
(phosphorus and nitrogen), microalgae also need a heavy metal element to build their 
cell, for example, iron and chromium (Dwivedi, 2012). In addition, major advantage 
using microalgae in bioremediation is that this process under the light condition and 
does not need oxygen; instead, they absorb CO2 and release O2. However, to the best 
author’s knowledge, there is very limited information about Botryococcus sp. in 
treating the heavy metal except study done by Onalo et al. (2014) when they used 
Botryococcus sp. to reduce chromium, copper, arsenic and cadmium from textile 
industry wastewater. To address this gap, the application of Botryococcus sp. in 
wastewater treatment especially in domestic wastewater and food processing 
wastewater was the motivation to fulfil the knowledge in this bioremediation field.   
 
2.7 Microalgae and wastewater treatment 
 
Nowadays, microalgae have become an important or significant microorganism for 
biological purification and treatment of wastewater. This may due to they are able to 
accumulate and assimilate plant nutrients, heavy metal, pesticides, organic and 
inorganic pollutants and radioactive matter in their unicellular cells (Sahu, 2014). 
Microalgae cultivation combined with wastewater treatment system offer more 
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simple, convenient and economical technology or technique as compared to another 
environmental alternative system (Worku & Sahu, 2014).  
Moreover, photosynthesis can be effectively exploited to generate oxygen 
from wastewater phycoremediation. Then, the choice of microalgae species used in 
wastewater pollutant biotransform is determined by their robustness against the 
contamination and also growth efficiency. Some of the selection of microalgae 
species and wastewater treatment are summarised in Table 2.4.  
As shown in Table 2.4, Sahu (2014) studied the Chlorella vulgaris in organic 
and inorganic pollutant reduction using sewage from the treatment plant. His analysis 
revealed that 70% of BOD, 66% of COD, 71% of TN, 67% of phosphorus, 54% of 
volatile solid and 51% of dissolved solid was reduced. Meanwhile, industrial 
wastewaters had been treated using microalgal bacterial flocs was done by Hende et 
al. (2014) found that a significant removal of turbidity, BOD, TCOD, TOC, TC, TN 
and TP are 96%, 87%, 80%, 71%, 48%, 58% and 8%, respectively. They also 
observed the final effluent DO was 6.06mg/L and the average pH was a bit 
alkalinity.  
 Azarpira et al. (2014) compared two species of cyanobacteria namely 
Oscillatoria limosa and Nostoc commune in the removal of nutrients using polluted 
river water from Mula-Mutha, Pune. The average reduction efficiency was between 
84% - 98%. Amongst the selected cyanobacteria, Oscillatoria limosa was the best as 
compare to Nostoc commune. Consequently, both algal also has very good potential 
for nitrogen fixation and biomass for paddy cultivation. In bioremediation of primary 
treated wastewater using Chlorella minutissima, Nostoc and Scenedesmus was 
attempted by Sharma & Khan (2013). The end result showed that these algae were 
very effective in reduction of the physiochemical parameter in sewage wastewater. 
Further, they observed that Chlorella was having the best phycoremediation which is 
able to remove of TDS 97%, Nitrogen 90%, Phosphorus 70%, BOD 95% and COD 
90%. In spite of that, Scenedesmus obliquus study by Ji et al. (2013) in piggery 
wastewater treatment was capable of removing TN around 23-58% and TP 48-69% 
only and they suggested Scenedesmus obliquus is a promising candidate for 
environmental friendly bioenergy sources.  
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Table 2.4: Summary of the review concerning the selection of microalgae in 
wastewater treatment 
 
No. Microalgae species Application Type of wastewater Author 
1 Botryococcus 
braunii 
Phycoremediation and 
biochemical composition 
analysis 
Domestic wastewater Raj GP et al. 
(2015) 
2 Chlorella vulgaris Organic and inorganic 
pollutant reduction 
Sewage treatment plant Sahu (2014) 
3 Microalgal bacterial 
flocs 
Wastewater treatment Industrial wastewater Hende et al. 
(2014) 
4 Oscillatoria and 
Nostoc commune 
Phycoremediation Municipal wastewater Azarpira et al. 
(2014) 
5 Chlorella 
minutissima, BGA 
Nostoc and 
Scenedesmus 
Wastewater bioremediation Primary treated 
wastewater 
Sharma & 
Khan (2013) 
6 Botryococcus 
braunii 
Wastewater  treatment Municipal wastewater Can et al. 
(2013) 
7 Scenedesmus 
obliquus 
Nutrients removal Piggery wastewater Ji et al. (2013) 
8 Chlorella vulgaris 
Beijerinck and 
Scenedesmus 
quadricauda 
Wastewater bioremediation Domestic wastewater Kshirsagar 
(2013) 
9 Chlorella vulgaris Wastewater treatment Drainage solution from 
greenhouse 
Hultberg et al. 
(2013) 
10 Chlorella vulgaris, 
Rhizoclonium 
hieroglyphicum and 
mixed algal 
Phycoremediation Sewage drainage Ahmad et al. 
(2013) 
11 Chlorella sp. pH analysis Tannery industry 
wastewater 
Sivakumar & 
Rajendran 
(2013) 
12 Bortyococcus 
braunii 
Wastewater treatment Greywater Gokulan et al. 
(2013) 
13 Nostoc sp. Phycoremediation Dairy wastewater Kotteswari et 
al. (2012) 
14 Chlorella vulgaris Phycoremediation Chemical industry 
wastewater 
Rao et al. 
(2011) 
15 Oocystis sp. Wastewater treatment Fish processing 
wastewater 
Riaño et al. 
(2011) 
16 Cloacal algae Phycoremediation Open drain wastewater Sengar et al. 
(2011) 
16 Chlorella vulgaris Wastewater bioremediation Textile wastewater Lim et al. 
(2010) 
17 Chlorella vulgaris, 
Synechocystis salina 
and Gloeocapsa 
gelatinosa 
Phycoremediation Industry wastewater  
Dominic et al. 
(2009) 
18 Botryococcus 
braunii 
Wastewater treatment Urban wastewater Órpez et al. 
(2009) 
19 Pithophora sp. Phycoremediation Thermal wastewater Murugesan, & 
Dhamotharan 
(2009) 
20 Botryococcus sp Phycoremediation + 
Biomass + Bio-hydrocarbon 
production 
Domestic wastewater 
and food processing 
wastewater 
In this study 
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